All available routine clinical and laboratory parameters have been sampled with standardized methods. 14, 15 The study was conducted in agreement with the Declaration of Helsinki. The protocol was approved by the institutional ethical board of the University Hospital of Bologna, Italy.
For this substudy, we used the general database of the Brisighella Heart Study to select a sample of nonsmoking and pharmacologically untreated adult subjects (aged between 20 and 55 years), in primary prevention for cardiovascular disease, with normal renal function, without known allergic or rheumatic diseases (including gout), and not receiving antioxidant dietary supplements, who were visited during the 2008 population survey. Pregnant or nursing women and women taking estrogens or estrogen-progestin oral contraceptives were also excluded. Metabolic syndrome was defined according to the latest guidelines. 16 Oxidative susceptibility of LDL was obtained using the method of Esterbauer et al., 17 by monitoring the kinetics of LDL oxidation by changing the 234-nm diene absorption. The time-course shows 3 consecutive phases: 1) a lag phase during which no oxidation occurs, measured in minutes and proportional to LDL resistance to oxidation, 2) a propagation phase with a rapid increase of conjugated diene production and absorption, 3) a diene-decomposition phase characterized by a slow increase in absorbance when the conjugate diene on LDL (dienemol/LDL mg) is calculated. The lag time was used to evaluate the oxidative susceptibility of LDL after ultracentrifuge isolation.
The oxLDL dosage was obtained using a standardized enzyme-linked immunosorbent assay kit (Mercodia, Uppsala, Sweden), including monoclonal antibodies against specific antigenic also induce maturation of dendritic cells and regulate the shift from classical (M1) to alternative (M2) macrophage activation and from T helper 1 to T helper 2 response, suggesting that these could act as a bridge between innate and adaptive immunity, both involved in plaque development.
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On the other side, serum uric acid (SUA), an inexpensive and standardized marker of systemic oxidative stress, has been recently associated with the risk of atherosclerotic cardiovascular events. 6 In particular, recent data support the SUA role as a cardiovascular risk factor also in healthy subjects, 7 where SUA is associated with early markers of vascular stiffness. 8, 9 Its detrimental effects on the cardiovascular system include mediating immune response upon cell injury, 10 increasing endotoxin-stimulated tumor necrosis factor α production, and hence, proinflammatory immune activation.
11 Therefore, high levels of SUA may contribute to increased cardiovascular damage through direct injury to the endothelium and alteration of cardiovascular function. Paradoxically, SUA may also provide protective antioxidant effects on the cardiovascular system, but these benefits may be overwhelmed by the negative effects. 12 In this context, the aim of our study was to evaluate the possible relationship between SUA, oxLDLs, and LDL susceptibility to oxidation in a relatively large sample of nonsmoking healthy subjects.
PATIENTs ANd mEThOds The Brisighella Heart Study is a longitudinal population study started in 1972 and including a randomized sample representative of the population of Brisighella, a rural village in northern Italy. The full protocol and history of the study have been extensively described elsewhere. Abbreviations: DBP -diastolic blood pressure, FGP -fasting plasma glucose, GGT -γ-glutamyltransferase, GOTglutamic-oxaloacetictransaminase, GPT -glutamic-pyruvictransaminase, eGFR -estimated glomerular filtration rate, HDL-C -high-density lipoprotein cholesterol, LDL -low-density lipoprotein, LDL-C -LDL cholesterol, SBP -systolic blood pressure, TG -triglicerydes inversely with triglycerides (B = -0.021; 95% CI, -0.038 to -0.004; P = 0.015). Similar results were also obtained when the analysis was repeated in men and women (without adjusting for sex).
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dIsCussION Different hypotheses linked SUA levels with oxLDL levels in healthy subjects. We hypothesized that the common pathway is related to systemic oxidative stress. In fact, at normal levels, SUA exhibits some antioxidant properties acting as a strong peroxynitrite scavenger, accounting for up to 60% of serum free radical scavenging capacity 19 and being an important intracellular free radical scavenger during metabolic stresses, 20 including nitric oxide and peroxyl and hydroxyl radicals. 21 On the contrary, high SUA levels are considered as promoters of oxidative stress. The biochemical process leading to hyperuricemia increases the generation of free oxygen radicals in the proportion of 1 molecule of superoxide for each single molecule of SUA produced, with a negative impact on the microcirculation and the development of arteriolar disease, particularly at renal level. 22 Experimental evidence suggests that hyperuricemia can impair endothelial function by promoting an increased oxidative state, which in turn downregulates endothelial nitric oxide production, in a condition where nitric oxide has a central role in the modulation of vascular flow and blood pressure. 23 Hyperuricemia also inhibits endothelial cell proliferation and migration, and stimulates the release of inflammatory C-reactive protein, growth factors, and free oxygen radicals.
24 In addition, the negative effects of SUA also involve smooth muscle cells, where it is capable of stimulating cellular proliferation via the mitogen-activated protein kinase pathway and inducing the synthesis of proinflammatory substances such as chemokine, monocyte chemoattractant protein 1, and C-reactive protein. Finally, SUA has also been proved to strongly activate the renin-angiotensin system, promoting both AT1 and AT2 receptor and angiotensin II expression, with angiotensin II showing the ability to inhibit cell proliferation and promote endothelial senescence and apoptosis.
25
The peroxidation of lipids in membranes and lipoproteins proceeds through the classical free radical sequence encompassing initiation, propagation, and termination phases, which are expressed by the lag phase, in which little oxidation occurs, followed by a rapid increase in autocatalysis by chain-propagating intermediates, and, finally, by a decrease in the rate of oxidation. Hence, the lag phase in lipid peroxidation processes reflects the antioxidant status of membranes and lipoproteins and, as a corollary, their resistance to oxidation. The propagation phase represents the rate of lipid peroxidation.
26 Beyond their pathophysiological role in the development of atherosclerosis, oxLDLs are also associated with the upregulation of AT2 receptors, thus contributing to the development of hypertension similarly to SUA.
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determinants on the oxidized apolipoprotein B100 (ApoB). 18 A full descriptive analysis was conducted for the considered variables. A Kolmogorov-Smirnov normality test was used for all continuous variables. Nonnormally distributed parameters were then log-transformed before being used in further analyses. In the first step, we carried out a bivariate correlation analysis between SUA, ox-LDL, dienes, and LDL lag phase and propagation phase. Then, we performed a univariate linear regression analysis using oxLDL, dienes, and LDL lag phase and propagation phase as dependent variables, and age, body mass index, LDL cholesterol, ApoB, SUA, and estimated glomerular filtration rate as independent variables, excluding at each step the single most extreme data by the Dunkan test to reduce possible interferences by extreme values. We repeated the analysis in men and women (without adjusting for sex). All tests were carried out using SPSS 21.0 for Windows (IBM, Massachusetts, United States). A P value of 0.05 was considered statistically significant.
REsuLTs
The final sample included 384 subjects (156 men and 228 women). Their main clinical characteristics, laboratory and LDL-related oxidation parameters are summarized in TAbLE 1. Overweight was observed in 24% of the subjects; 29% of the patients had normal-high or first stage hypertension, 31% showed suboptimal LDL cholesterol levels (>115 mg/dl), and 28% had metabolic syndrome.
In the Pearson bivariate correlation analysis, SUA levels were significantly related to those of dienes (r = 0.178; P = 0.001) and oxLDL (r = 0.284; P <0.001), but not to LDL lag phase (r = 0.057; P = 0.285) and propagation phase (r = 0.016; P = 0.767).
In the univariate analysis, SUA levels were inversely correlated with LDL lag phase (P = 0.049) and positively with the levels of dienes (P = 0.001) and oxLDL (P <0.001). There was no significant association between SUA and the propagation phase (P = 0.614; FIGuRE). The results of the univariate analysis are shown in TAbLE 2.
In the multivariate analysis, the oxLDL level who limited their study to overweight women. We also observed that SUA was associated with the diene level, but not with the length of the LDL lag phase and propagation phase. The formation of conjugated dienes is an early event of lipid peroxidation taking place soon after the initiation of In our study, we observed that SUA was associated with the level of oxLDL in a relatively large sample of generally healthy elderly men and women. These data are in agreement with those reported by Barbosa et al.
28 in a smaller sample of younger subjects and by Ruíz-Hernández et al., strictly evaluate all the antioxidant power of the diet of the subjects we enrolled; however, the dietary habits of the Brisighella Heart Study rural cohort are usually constant and homogenous, and the cohort has been well characterized during the many years of investigation. 33,34 Finally, the statistical relationship between SUA and LDL oxidation-related parameters was not shown to be particularly significant, and its clinical relevance has to be more clearly defined in further studies. On the basis of our findings, we may conclude that SUA is significantly associated with the level of oxLDL and dienes, but not with the length of the LDL lag phase and propagation phase. It remains to be investigated whether the reduction in the synthesis of SUA by xanthine-oxidase inhibition is itself associated with a decrease in ox-LDL levels. Further studies on larger population samples are needed to confirm these preliminary observations. Acknowledgments This study was conducted with institutional funding of the University of Bologna and with an unrestricted grant from Fondazione del Monte (Italian Bank Foundation). We particularly acknowledge Marina Giovannini and Elisabetta Rizzoli for their support in the Brisighella Heart Study laboratory activity. We also sincerely thank the Faenza public health district and all but the explanation of our results could be that high SUA levels promote oxidative stress trough the generation of free oxygen radicals, thus inducing an increase in circulating oxLDL, or more simply, it is an indirect marker of systemic oxidation or exposition to oxidative stress, but probably does not directly affect LDL's resistance to oxidation. Therefore, it could be argued that the inhibition of xanthine-oxidase could improve the level of systemic oxidative stress and, consequently, also the level of circulating oxLDL, followed by positive effects on arterial walls and hypertension development. However, this hypothesis has to be confirmed in future studies. We are aware that this could be only one of the possible interpretations of our data and that other mechanisms could be responsible for a link between SUA and oxLDL levels in healthy humans.
Our study has some limitations. First, the study population was small and the strict selection of patients migth have made the sample unrepresentative of the general population. However, the exclusion of smokers and people with inflammatory diseases or those receiving drugs potentially affecting the oxidation status of LDL cholesterol was needed to avoid confounding factors on oxLDL levels. Similarly, the exclusion of subjects affected by chronic renal disease was needed to rule out the main secondary causes of an increase in SUA levels. Moreover, we did not Abbreviations: ApoB -apolipoprotein B100, BMI -body mass index, F -female, M -male, SUA -serum uric acid, others -see TAbLE 1 
